Electromagnetic and vibrational properties of ice can be used to measure certain parameters such as ice thickness, type and icing rate. In this paper we present a review of the dielectric based measurement techniques for matter and the dielectric/spectroscopic properties of ice. Atmospheric Ice is a complex material with a variable dielectric constant, but precise calculation of this constant may form the basis for measurement of its other properties such as thickness and strength using some electromagnetic methods. Using time domain or frequency domain spectroscopic techniques, by measuring both the reflection and transmission characteristics of atmospheric ice in a particular frequency range, the desired parameters can be determined.
INTRODUCTION

ATMOSPHERIC ICING
Atmospheric icing is the term used to describe the accretion of ice on structures or objects under certain conditions. This accretion can take place either due to freezing precipitation or freezing fog. It is primarily freezing fog that causes this accumulation which occurs mainly on mountaintops [16] . It depends mainly on the shape of the object, wind speed, temperature, liquid water content (amount of liquid water in a given volume of air) and droplet size distribution (conventionally known as the median volume diameter).
The major effects of atmospheric icing on structure are the static ice loads, wind action on iced structure and dynamic effects.
Generally an icing event is defined as periods of time where the temperature is below 0°C and the relative humidity is above 95%. Ice accretion can be defined as, any process of ice build up and snow accretion on the surface of objects exposed to the atmosphere' [12] . Atmospheric icing is traditionally classified according to two different processes [12] and are shown in Fig. 1(a) , (a) Precipitation icing (including freezing precipation and wet snow), (b) In-cloud icing (also called rime/glaze, including fog), Fig. l(b) shows the type of accreted ice as a function of wind speed and temperature. In this figure, the curve shifts to the left with the increasing liquid water content and with decreasing object size. A classification of atmospheric ice is shown in Table 1 .
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ATMOSPHERIC ICING SENSORS
The main purpose of an ice detector is to detect and indicate the rate of an icing event.
Depending on the type of accreted ice, glaze or rime, deicing power requirements will be different, therefore it is important for the ice detection sensor to distinguish between rime and glaze ice. Ice detection methods can be categorized as direct methods and indirect methods.
The indirect methods of ice detection involves measuring weather conditions such as humidity, temperature, pressure, etc. that creates proper circumstances for an icing event to Air temperature (degree celcius)
Hard rime Glaze Figure 1 Ice types and their dependence [12] . occur. For example, reduction in the power generated by the wind turbine, reduction in the speed of anemenometers or measuring the variables that cause icing or variables that correlate with the occurrence of icing, such as cloud height and visibility [11] . Empirical or deterministic models are then used to determine when icing is expected to occur [15] . The reduction in the speed of anemenometers of Craig and Craig [7] and the noise generation frequency method of Seifert [23] are typical examples of indirect methods.
The direct methods of ice detection are based on the principle of detecting property changes caused by ice accretion. Examples of such properties include the mass and dielectric constant. The inductance change probe of Lee and Seegmiller [22] , the impedance change probe of Wallace et. al. [25] and the microwave ice detector of Magenheim [21] are examples of direct methods.
There are presently few available instruments in the market. However there are some prototype instruments which seem very promising and may lead to interesting products after thorough testing and verifications. These instruments are based on different working principles. In [15] it is mentioned that there are about 24 direct methods and 5 indirect methods of ice measurements. [19] that the electron orbiting a nucleus is like a harmonic oscillation with a natural frequency ω o . The dynamic equation can be defined as, (1) where ∆x is the electrons displacement, m is the electron mass, q is the electronic charge, Z is the number electrons involved, F loc is the local field acting on the atoms, and γ is the force constant. Also the natural oscillation frequency is given as .
Also oscillating electron is equaivalent to an electric dipole and would radiate energy according to electromagnetic theory of radiation. This energy can be taken as a damping mechanism and is a retarding force, hence our dynamic equation is,
Also from Bohr's Model, we have the potential of electron given as,
where and h is plank's constant. Also when Z = 1 we have electronic polarization,
where R is radius of the ground state orbit of Bohr's atom.
Similarly electronic susceptibility and dielectric constant is given as, 
COMPLEX DIELECTRIC CONSTANT
The discrete nature of matter, and the behavior and interaction of those particles, can be manifested through their response to time varying electric fields with wavelengths comparable the distances between the particles.
• Time Domain Approach: We measure the time dependent polarization immmediately after the application of a step function electric field or we meausre the decay of the polarization from an initial steady state value to zero after the sudden removal of an initial polarizing field. This decay is generally referred to as dielectric relaxation.
• Frequency Domain Approach: We mainly measure the dielectric constant at various frequencies of alternating excitation fields. From the viewpoint of measuring techniques, the time domain approach is simpler than the frequency domain approach, but from the viewpoint of data analysis, the time domain approach is more complex. However both approaches should be intimately connected and should yield, in principle, the same results.
Complex Permittivity When a time varying electric field is applied across a parallel plate capacitor with the plate area of one unit and a separation of d between the plates, then the total current is given by, (5) where J is the conduction current and ε * is defined as complex permittivity which is introduced to allow for dielectric losses due to friction accompanying polarization and orientation of electric dipoles. This may be written as, (6) where ε r is dielectric constant and ε ′ r is the loss factor. Also loss tangent is defined as, tan where δ is loss angle. We can use the instantaneous energy absorbed per second per cm 3 is given by J T (t)F(t). Thus, on average, the amount of energy per cm 3 per second absorbed by the material is (7) 2.2.1. DIELECTRIC RELAXATION -TIME DOMAIN APPROACH This is a time domain approach which provides conspicuous information abouth the nonlinearity of the dielectric behavior simply by varying the amplitude of the applied step function held. Experimental arrangement for the measurements of the time domain response (i.e. the transient charging or discharging current, resulting from the application or the removal of a step DC voltage) is given in Fig. 3 .
In this circuit switch S 1 has 2 positions: one for turning on the step DC voltage to start the flow of charging current, the other for short circuiting the specimen to allow the discharging current to flow after the specimen has been fully charged to a steady state level. The switch S 2 is used to shord circuit R 1 to provide a path for surge currents for a very short period of time to protect the circuit; it also gives a chance to adjust the amplifier to a null position before recording the transient current. It is important to make the time constant of the amplifier which depends on the stray capacitance in shunt with R 1 , much smaller than the time during which the transient current is flowing. The specimen has the guard and the guarded electrodes, the outer guard electrode being connected to ground to eliminate surface leakage currents from the specimen. The charging or discharging current is measured as a voltage appearing across R 1 by means of a DC amplifier. The voltage drop from point A to ground is made zero by a negative feedback in the amplifier circuit, which produces a voltage across R 2 equal and opposite to that across R 1 thus making the applied step voltage across the specimen only. The step voltage and the charging and discharging current as a function of time are also shown in Fig. 3(b) in which I o is the steady DC compoent of the charging current and the width of the step voltage is 63 seconds.
FREQUENCY DOMAIN APPROACH
No material is free of dielectric losses and therefore no material is free of absorption and dispersion which reflects that no material is frequency independent ε r and ε ′ r . Now using Debye Equations for a varying electric field F m e jωt we have the relationships as, Eq(s). 8, 9, 10 equations can also be written as, (11) (12) Now the Eqn(s). 11, 12 are the parametric equations of a circle in the ε r -ε ′ r plane. By eliminating ωτ 0 from Eq. 11 and 12 we obtain, (13) Only the semicircle of Eqn(s). 13 over which ε ′ r is positive has physical significance. In this Argand Diagram shown in Fig. 4(b) frequency not explicitely shown. The variation of ε r and ε ′ r due to the variation of ω is shown in Fig. 4 (a) which illustrates schematically the typical dispersion behavior for polarization in the relaxation regime. Also the Eq(s). 8, 9, 10 are based on the following assumptions for simplicity: the local field is the same as the applied field F; the conductivity of the materials is negligible; all dipoles have only one identical relaxation time τ O . Figure 4 Frequency domain approach for measurement of dielectric constants [19] .
ICE ELECTROMAGNETISM Molecular dimensions
The dimensions of the water molecule depend on the quantum state of the molecule. For each vibrational state, the molecular dimensions may be described by three 'effective moments of inertia'. In [8] gave the following expressions for the effective moments of intertia of the water molecule as functions of its vibrational states.
where v 1 , v 2 and v 3 are the quantum numbers for the three normal modes of vibration.
Molecular vibrations
The transition of a water molecule from its vibrational ground state to the excited state described by the v 2 mode is associated with the infra red absorption band centered at 1594.59 cm −1 . During this transition, the quantum number v 2 characterizing the v 2 mode changes from 0 to 1, while the quantum number v 1 
Electromagnetism based atmospheric ice sensing technique -A conceptual review frequencies, the x s are the anharmonic constants and describe the effect on the vibrational frequencies of the departure from purely harmonic from of the vibrations, see Fig. 3 . The frequency of transition between any two vibrational states can be obtained from Eqn(s) 15 and the constants from Fig(s Note that the anharmonic constants are negative. This means that the higher vibrational energy levels are all somewhat closer together than they would be if molecular vibrations were purely harmonic. Eqn(s) 15 also yields an expression for the zero point energy of vibration (18) The forms of vibrations of a molecule, and hence the frequencies of the associated absorption bands, depend on the change in potential energy of the molecule during the vibration. This means that the spectrum of a molecule contains a great deal of information about the potential energy function that desribes its vibrations.
Electrical properties The mere existence of a permanent dipole moment in water provides structural information about the molecule: it demonstrates the absence of a molecular center of symmetry. Debye method is used, in which the dielectric constant of the vapour is measured as a function of temperature. The change of the dipole moment of a molecule during the course of a vibration is related to the intensity of the corresponding absorption band. More precisely the square of the change of dipole moment with change in a normal coordinate is proportional to the integrated intensity of the band.
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DIELECTRIC CONSTANT OF ICE
The static dielectric constants, ε 0 of both poly crystalline and single crystals of ice have been carefully determined [1, 18] . Fig(s) 5a shows that ε 0 increases with decreasing temperature and that ε 0 parallel to the c-axis is slightly larger than ε 0 perpendicular to the c-axis. The dielectric constant of polycrystalline ice is higher at 0°C than that of water, even though the decrease in the volumen of water on melting would be expected to cause a change in the opposite direction. The application of pressure to ice I increases ε 0 , as shown in 6a.
The dielectric properties of the high pressure polymorphs were investigated by [29, 30] . [29] measured values of ε 0 for ices II, III, V and VI over a range of temperatures and pressures; their results for a constant temperature of -30°C are shown in Fig(s) . 6b. They found that with the exception of ice II, each of these polymorphs has a larger value of ε 0 than all polymorphs stable at lower pressures. Ice II has a low value of ε 0 (4.2), which is independent of temperatures and pressure. [30] found that ε 0 for ice VII at 22°C and 21 kbars is roughly 150; this is somewhat smaller than ε 0 of ice VI extrapolated to the same temperature and pressure (about 185). These authors also found that ice VIII, like ice II, has a very small value of ε 0 .
Frequency dependence of ε At relatively low frequencies of the applied field, over 95% of the dielectric constant ε arises from reorientation of H 2 O molecules. As the frequency is increased, molecules do not reorient fast enough to come into equilibrium with the field, and the dielectric constant falls to a much smaller value, ε ∞ . This phenemenon is called dielectric dispersion and can be described for many substances by a simple equation by Smyth 1955: (19) where τ D is the dielectric relaxation time, and ω is 2π times the frequency of the applied field in cycles per second. The quantity τ D reflects the time for decay of macroscopic polarization of the substance when the external field is removed. It is somewhat larger than the molecular rotational correleation time, τ rd , which is the average interval between reorientations of a given molecule. The value of τ D for ice I at 0°C is about 2 × 10 −5 s, so that an average H 2 O molecule experiences roughly 10 5 reorientations every second.
It is important to realize that the reorientation of molecules is caused by thermal agitaiton, and takes place whether or not an alternating electric field is applied to the system. The applied electric field, in fact, biases reorientation of molecules to only a very small extent. This was noted for the case of ice by Debye 1929, who based his argument on the fundamental equation of electric polarization Here P is the electric dipole moment per unit volume induced by the applied field E. Debye used this equation to that if ice at 0°C is placed in an electric field of 1 Vcm −1 , the net degree of orientation of the water dipoles in equivalent to the rotation by 180°of only one molecule in 10 6 . The high frequency dielectric constant, ε ∞ , is temperature independent.
Frequency dependence of ε of ice polymorphs The dielectric relaxation times of the ice polymorphs in which the molecules are free to rotate may be expressed in the form, (22) where P 0 is a reference pressure and A, E A and ∆V are the experimentally determined parameters that are listed in [10] . The quantities E A and ∆V are called the energy and volume of activation for dielectric relaxation. In [29] it is found that the relaxation of the high pressure ices cannot be precisely described by a single relaxation time for each ice. The parameter α indicates the deviation of the frequency dependence of each ice form that given by Eqn. 19. This parameter can assume values from 0 (for a single τ D ) to 1; the largest α among the ices is 0.05 for ice VI.
CONCLUSION
During this review study it is found that due to nonlinear polar characteristics of water molecule there is lot of potential avaiable to predict the different forms of water particularly in the domain Temp < 0. Ice being the most diversified phase of water has a good dielectric constant which can be measured effectively using different techniques as like time domain dielectric measurement techniques or frequency domain dielectric measurement techniques. Also due to the diversified characteristics of ice e.g rime and glaze ice we can use different spectroscopy techniques in the infra red, microwave or ultravoilet frequency ranges to measure the desired parameters as like ice type, icing rate and ice thickness together. 
